While cervical cancer screening relies on cervical cytology and high-risk human papillomavirus (HPV) detection, the histologic diagnosis, and specifically lesion grade, is the main parameter that drives clinical management of screen-positive women. Morphologically diagnosed squamous intraepithelial lesions (SIL/CIN) regress spontaneously in more than half of the cases, but identifying those likely to persist and progress is not currently possible based upon morphology. Lack of major capsid protein L1 expression has been suggested as a feature in progressive lesions, whereas expression of the minor capsid protein L2 has not been extensively evaluated. The goal of this study is to evaluate immunohistochemical expression of L1 and L2 in SILs in correlation with lesion grade. A total of 150 cervical specimens with SILs were selected based on HPV 16 or HPV 18 detection by Q-PCR. These included 89 low-grade SILs (LSIL/CIN 1) and 123 high-grade SILs (75 HSIL/CIN 2 and 48 HSIL/CIN 3). More than one lesion/grade was identified in 53 specimens. The presence and grade of SIL was determined by a panel of pathologists. Capsid protein expression was assessed by immunohistochemistry using MAB 837 for L1 and RG-1 for L2. Lesions of different grades in the same specimen were scored separately. Expression of capsid proteins was detected in 34/89 (40%) LSIL/CIN 1, 5/75 (6%) HSIL/CIN 2 and none of 48 HSIL/CIN 3. L1 and L2 were co-expressed in the same area of the lesion in 22 cases. In addition, L1 alone was expressed in 6 lesions and L2 alone in 11 lesions. Among the cases with multiple lesion grades in the same specimen, none with HSIL/CIN 3 expressed capsid proteins in any portion/grade of the lesion. HPV capsid proteins are expressed almost exclusively in LSIL/CIN 1 and rarely in HSIL/CIN 2. Additional studies are warranted to examine lack of L1 and L2 expression in LSIL/CIN 1 as a predictor of persistence or progression to HSIL/CIN 3, the precursor of cervical cancer. It has been suggested that the expression and distribution of viral gene products can serve as potential markers for distinction of regressive versus progressive lesions. [4] [5] [6] These studies indicate that the inability of virus to complete its productive cycle is associated with increased lesion grade.
Although the incidence of invasive cervical cancer in the United States is decreasing, the rates of viral infection leading to development of carcinoma precursors (squamous intraepithelial lesions (SILs)) are extremely high. Management of SILs remains an important health-care problem despite recent advances, including the development of effective prophylactic human papillomavirus (HPV) vaccines. Although cervical cancer screening relies on cervical cytology and high-risk HPV detection, the histologic diagnosis, and specifically lesion grade, is the main parameter that drives clinical management of screen-positive women. Histologically diagnosed SILs (traditionally labeled as cervical intraepithelial neoplasia (CIN)) regress spontaneously in more than half of the cases, but morphology alone is an insufficient predictor of lesion behavior. [1] [2] [3] Development of markers that can predict the lesion regression versus persistence/progression would be extremely useful for clinical management.
It has been suggested that the expression and distribution of viral gene products can serve as potential markers for distinction of regressive versus progressive lesions. [4] [5] [6] These studies indicate that the inability of virus to complete its productive cycle is associated with increased lesion grade.
Productive viral infection is characterized by genome amplification and expression of late viral genes responsible for virion assembly, notably the capsid proteins (L1 and L2). This late gene expression is restricted to terminally differentiated, superficial squamous epithelial cells. Major capsid protein L1 constitutes the primary structural element of viral capsid. It also represents a major target for the cell-mediated immune response. L2 is a minor component of the capsid, thought to aid in the assembly and the packaging of viral DNA within the virions. 7 Aberrant squamous cell differentiation that is considered a feature of a high-grade SIL is associated with a failure to express the capsid proteins and thus to complete the life cycle. Absence of L1 expression was a feature of progressive lesions in several studies using cytologic specimens. 8, 9 Expression of L2 protein in clinical lesions has not been extensively evaluated, although it has been suggested that L2 is also expressed predominantly in LSIL/CIN 1, consistent with productive infection in these low-grade lesions. 10 The goal of this study is to evaluate immunohistochemical expression of L1 and L2 in SILs in correlation with lesion grade.
Materials and methods

Case Selection
The study was approved by the Johns Hopkins University School of Medicine Institutional Review Board. A total of 342 cervical specimens including cervical biopsies and excisional specimens (loop electrosurgical excision procedure (LEEP) and cone biopsy specimens) were retrieved from the files of the Johns Hopkins Hospital. Of these, 150 cervical tissue specimens containing 212 morphologically distinct SILs were selected for analysis based on HPV 16 or HPV 18 DNA detection by Q-PCR (see below). The study was limited to HPV 16-and HPV 18-positive cases to match the specificity of the antibodies used for immunohistochemical analysis of L1 and L2 expression. The 212 SILs included 89 low-grade SILs (LSIL/CIN 1) and 123 high-grade SILs (HSILs), with the latter including 75 CIN 2 and 48 CIN 3 (53 cases had more than one grade of lesion in the same specimen). Of these 150 samples, 112 contained HPV 16 DNA and 32 contained HPV 18 DNA; both HPV types were detected in 6 specimens (adjacent SILs of different grades present in the same specimen were not separately analyzed for HPV type). The presence and the grade of SILs were confirmed by thorough histologic review by two observers (AY and BMR).
HPV DNA Detection
DNA was isolated from two 10-mm paraffin-embedded tissue sections after octane deparaffinization and digestion with buffer containing proteinase K. A 2-5 ml aliquot of purified DNA was tested for the presence and number of copies of HPV 16 DNA and HPV 18 DNA as previously described using realtime TaqMan PCR methods. 11 All viral quantities were normalized to total human cell equivalents tested by quantitating the ERV-3 human endogenous retrovirus gene from each sample. 12 
Immunohistochemical Analysis
For immunohistochemical analysis, 4-5 mm thick tissue sections were deparaffinized in xylene and rehydrated. Epitope retrieval was performed by placing the slides in Citrate Buffer Solution (pH 6.0, ZYMED Laboratories, Life Technologies, Carlsbad, CA, USA) at 95 1C for 20 min. Endogenous peroxidase activity was blocked with Peroxidase Blocking Solution (DAKO North America, Carpinteria, CA, USA), and then the slides were incubated with Protein Block (Biogenex, Fremont, CA, USA) for 30 min. Primary antibody incubation was performed for 1 h at room temperature with MAB 837 clone 1H8 (1:1000 dilution; final antibody concentration 1 mg/ml; Chemicon/Millipore, Billerica, MA, USA) for L1 and for 1.5 h with RG-1 (1:500; final antibody concentration 3.1 mg/ml) for L2. 13 These antibodies recognize the respective capsid proteins of HPV 16 and 18; MAB 837 also recognizes HPV 1, 6, 11 and 31; the specificity of RG-1 for other HPV types is less well characterized. Staining was detected with anti-mouse HRP Polymer (DAKO) for 30 min at room temperature. Staining was repeated in triplicate in all positive cases, all cases with discordant L1/L2 expression and in a random 10% of negative cases; all results were consistently reproduced. In cases with more than one grade of SIL present in the same slide, immunostaining in each distinct grade was analyzed separately. Any nuclear staining was considered a positive result, regardless of the quantity of cells having expression. For descriptive purposes, the extent of the staining was also semiquantitatively assessed: positive, Z10 positive nuclei; focal positive, 42 but o10 positive nuclei; or limited positive, 1 or 2 positive nuclei. Expression of either L1 or L2 or both was considered as evidence of capsid protein expression for statistical analysis. In the cases with multiple lesions/grades present, the expression was recorded for each grade separately and reported as such. For the purposes of data presentation, the following categories were distinguished: LSIL alone-the only grade present in the specimen; LSIL with HSIL/CIN 2-coexisting LSIL and HSIL/CIN 2 within the same specimen, but the expression is assessed in LSIL only; LSIL with HSIL/CIN 3-coexisting LSIL and HSIL/CIN 3 within the same specimen, but the expression is assessed in LSIL only; LSIL total-all LSILs alone or associated with a higher grade SIL. Similar categories were distinguished for HSIL/CIN 2 and HSIL/CIN 3 (HSIL/CIN 2 alone; HSIL/CIN 2 with LSIL; etc).
Statistical Analysis
The number and percentage of SIL cases expressing any L1 and/or L2 capsid protein are presented by each grade of lesion present in the specimen. If more than one morphologically distinct SIL was present in a specimen, the data are further stratified by co-occurring lesion grades. The w 2 test or Fisher's exact test statistics, when the number in any category was r5, were calculated to compare the proportion of cases expressing any capsid protein between two mutually exclusive groups based on SIL grade: LSIL/CIN 1, HSIL/CIN 2 and HSIL/CIN 3. Cochran-Armitage test was used to determine if there was a significant trend in the proportion of cases expressing capsid protein across the ordered categories LSIL/CIN 1 alone, HSIL/CIN 2 alone and HSIL/CIN 3 alone. The level of significance was Po0.05 and no results were corrected for multiple comparisons. All analyses were conducted using SAS version 9.2 (SAS, Cary, NC, USA). Table 1 .
Results
Expression
The difference in capsid protein expression in LSIL/CIN 1 alone (49%) versus HSIL/CIN 2 alone (13%) or any HSIL (CIN 2 and CIN 3; 5%) was statistically significant (P ¼ 0.0039 and Po0.0001, respectively). There were no differences in expression between LSIL/CIN 1 alone (49%) and LSIL/CIN 1 with HSIL/CIN 2 (34%) groups (P ¼ 0.2). However, expression in LSIL/CIN 1 with or without HSIL/CIN 2 (43%) was different from expression in LSIL/CIN 1 with adjacent HSIL/CIN 3 (0%) (P ¼ 0.006). Within the HSIL/CIN 2 group, there were no differences in expression between HSIL/ CIN 2 alone (13%) and HSIL/CIN 2 with LSIL/CIN 1 (7%) groups (P ¼ 0.108). However, expression in HSIL/CIN 2 with or without LSIL/CIN 1 (9%) was different from expression in HSIL/CIN 2 with adjacent HSIL/CIN 3 (0%; P ¼ 0.008). The expression of capsid proteins decreased with increase in lesion grade (LSIL/CIN 1 alone vs HSIL/CIN 2 alone vs HSIL/CIN 3 alone; P trend o0.0001).
Discussion
The need for an immunohistochemical marker of HPV-related precancer that is likely to progress is indisputable. The majority of the biomarkers used in pathologic diagnosis of SILs, including p16, PCNA, MCM and ProEx C, reflect the presence of a high-risk HPV-related lesion, but are not specific for identification of progressive disease with potential to develop into an invasive carcinoma. It has been suggested that patterns of viral protein expression may be used to differentiate between self-limited productive viral infection and a true precancer. 6 Immunohistochemical detection of viral protein expression has been described in prior studies in cervical specimens. [14] [15] [16] Kurman et al 16 reported immunohistochemical expression of PV common (structural) proteins in 43% of mild dysplasia, 15% of moderate dysplasia and only in a rare case of severe dysplasia. In one study, immunohistochemical expression of L1 and L2 in two cases of condyloma and a CIN 2 lesion was identified in nuclei restricted to the upper epithelial layers. 14 A number of more recent studies have evaluated the expression of major capsid protein L1 in cytologic specimens. It has been shown that 30-75% of LSILs and 33-40% of HSILs express L1 in cytology specimens. 8, 9, [17] [18] [19] [20] [21] Some of these studies evaluated the prognostic utility of L1 immunocytochemistry on a Pap sample in predicting lesion behavior. Most of the studies that relied on 'cytologic regression' with variable length of follow-up (up to 2 years) associated the presence of L1 expression with clinical 'regression'. However, lesion regression is difficult to reliably establish in the clinical setting because histologic evaluation of the entire cervix is not possible in most cases and all other measures of outcome (Pap cytology or colposcopy with cervical biopsies) have imperfect sensitivity for detecting significant lesions. In addition, the diagnostic biopsy itself in some cases may be curative and result in removal of the entire lesion.
Our data are consistent with previously published studies using histologic specimens that demonstrated L1 expression in 30-65% of LSIL/CIN 1. [22] [23] [24] [25] A lower proportion of the positive cases in histology compared with cytology specimens is likely related to the fact that in the majority of lesions the expression of capsid proteins is restricted to the most superficial layers of the epithelium. Thus, the keratinocytes in the superficial layers are most readily detached and harvested during sampling for a Pap test, but might also be inadvertently removed from the epithelial surface during colposcopy (mucous clearing etc.) and tissue handling during pathologic processing. A larger number of positive cases in cytology specimens compared with matched histologic preparations was previously described. 8, 26, 27 Some studies evaluating the correlation of L1 and p16 expression in LSIL/CIN 1 have observed that lesions lacking L1 and demonstrating diffuse p16 expression are more likely to persist and progress. 25 Diffuse p16 expression in these cases is most likely related to the presence of high-risk HPV within these lesions, most commonly HPV 16 and HPV 18; these types are associated with lower regression rates compared with LSIL/CIN 1 harboring other HPV types; 28 thus, the prognostic value of p16 expression is likely not independent of the HPV type implicated in the lesion development.
In our study, a significant fraction of LSIL/CIN 1 cases were L1 negative, but the value of L1 expression alone as a predictor of behavior in tissue specimens is unclear. The inability to detect L1 in these LSIL/CIN 1 cases may reflect inadequate sampling, given the extremely focal staining in some cases noted in this and other studies. 22 Using cytology Pap samples likely provides a more representative sample of superficial lesional cells for analysis of L1 expression.
We have previously reported expression of L2 in 89% of LSIL/CIN 1 lesions and none of HSIL/CIN 2 and HSIL/CIN 3 in a study with a smaller number of cases. 10 These data and our current data are different from what has been previously reported in another prior study that observed L2 expression in a significant proportion of moderate and severe dysplasias; 29 this could be because of differences in histologic grading.
The discordant expression of L1 and L2 in the same lesion that was observed in 17 cases (43% of positive cases) in our study is surprising. This may be related to infection with multiple HPV types, with discordant expression related to antibody specificity in the setting of an HPV type other than HPV 16 or HPV 18. Thus, detection of both L1 and L2 proteins might not have added value if a more broadly HPV type-specific antibody for either L1 or L2 had been used.
All cases of HSIL/CIN 3, either alone or with adjacent LSIL/CIN 1 or HSIL/CIN 2, lacked expression of capsid proteins. Statistically, expression of capsid proteins was negatively associated with the grade of the lesion (P trend o0.0001).
The absence of capsid protein expression observed in this study differs from data reported by Galgano et al 30 that recorded L1 expression in 16.5% of HSIL/CIN 3. These discordant findings could be related to fact that the current study was restricted to HPV 16 and HPV 18-related lesions, whereas the reported expression of L1 in HSIL/CIN 3 in the study of Galgano et al 30 was based on SILs irrespective of HPV type. Reported L1 staining in HSIL/CIN 3 in some other studies may also be related to the known worldwide difference in histologic grading of SILs.
Recent studies evaluating methylation of HPV genes, specifically L1, found high levels of methylation of this gene associated with high-grade cytology. 31, 32 Consistent intense methylation of L1 gene was shown in HPV 18-related cervical carcinomas. 33 These findings may provide further insight into the mechanisms of loss of capsid protein expression in higher-grade SILs.
In our study, 62% of all LSIL/CIN 1 lacked expression of both L1 and L2. The significance of this finding is not clear. Lack of detected expression in some of the negative cases could be a reflection of focality of staining and sampling. In other cases, it could represent a false-negative result related to the presence of HPV types other than those that are covered by the antibodies used. Nonetheless, further investigation of the viral capsid protein expression as a marker of progression/persistence in LSILs in correlation with methylation analysis of the viral genome is warranted.
Eleven specimens contained discrete foci of both LSIL/CIN 1 and HSIL/CIN 3 (with or without HSIL/ CIN 2). No expression of either L1 or L2 was observed in HSIL/CIN 3 foci. Interestingly, in these cases with HPV capsid proteins in cervical cancer precursors multiple lesions/grades, the adjacent lower-grade components (LSIL/CIN 1 and HSIL/CIN 2) of these cases also lacked expression. The absence of capsid proteins expression in LSIL-associated HSIL/CIN 3 may be related to molecular alterations that are associated with lesion progression but occur before the morphologic changes take place (eg, integration, gene methylation, etc). However, the exact mechanism responsible for the loss of L1 and L2 expression in these lesions is not known. It is also possible that these different grades of SIL represent independent lesions because of multiple HPV types that are not reactive with the antibodies used in this study. However, the number of specimens containing adjacent lesions of different grades is too small for drawing meaningful conclusions. Nonetheless, the hypothesis suggested by this observation, namely, that the presence of L1 and L2 expression might be used as a marker of absence of adjacent HSIL/CIN 3 in the same specimen, would be extremely useful clinically and warrants further examination.
